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Preface
This thesis consists of two parts. The first part deals with the visible emission of ZnO
nanocrystals and its possible application in Resonance Energy Transfer (RET) studies.
The second part of the thesis is on the magnetic properties of the layered transition metal
thiophosphates MPS3(M = Mn, Fe), their solid solutions and intercalation compounds.
Recent advances in semiconductor nanocrystals or quantum dots (QDs) as inorganic
fluorophores have pioneered a new direction in the fluorescent based techniques to inves-
tigate fundamental processes in lifesciences. Their broad absorption spectra with narrow,
size-tunable emissions with high quantum efficiency and stability under relative harsh
environments have made inorganic QD’s the fluorophores of choice in many applications.
Among inorganic fluorophores the II-VI semiconductors based on cadmium chalcogenides
are the front-runners . The cytotoxicity associated with these QDs is, however, a major
drawback and has lead to the search for new nanocrystalline fluorophores that are non-
toxic and possess the same favorable fluorescence properties as the Cd based QDs, viz,
tunability and narrow spectral profile.
ZnO nanoparticles are known to exhibit two emission bands; a narrow emission band
in UV around 380 nm (3.25 eV) at a wavelength just below the onset of the band gap
excitation in the absorption spectra and a broad emission band in the blue-green part of
the visible spectrum, with a maximum between 500 and 550 nm (2.5-2.2 eV). The UV
emission originates from the recombination of bound excitons - excited electrons in the
conduction band with holes in the valence band. The visible emission of ZnO nanocrys-
tals is known to involve deep trap states that lie approximately midway between the
conduction and valence bands and surface defects that exist as shallow traps. In princi-
ple, visible-light-emitting ZnO nanocrystals would be ideal candidates as replacement for
Cd-based fluorescent labels since they are nontoxic, less expensive, and chemically stable
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in air. Nanoscale ZnO, however, tends to aggregate and/or undergo Ostwald ripening be-
cause of high surface free energy resulting in an increase in crystallite size and consequent
disappearance of the visible emission. Most attempts to stabilize the ZnO nanocrystals by
capping have usually resulted in the quenching of the visible trap emission. The objective
of the present study was to stabilize the visible light emission of ZnO nanocrystals, to
understand the origin and mechanism of the visible emission and to explore the possibility
of using the visible emission of ZnO in RET studies.
The stabilization of visible light emission in ZnO nanocrystals was achieved by form-
ing ZnO:MgO core-shell nanocrystals. The nanocrystals were synthesized by a sequential
preparative procedure that involved formation of a ZnO core followed by a MgO shell. The
nanocrystals were characterized by using XRD, TEM, optical absorption and photolumi-
nescence spectroscopy. These are described in Chapter 2 of the thesis. The ZnO:MgO
core-shell nanostructures exhibit stable emission in the visible for extended periods.
Application of the ZnO:MgO nanocrystals either as fluorescent probes or RET stud-
ies require that they be dispersible in both polar and non-polar solvents. This as real-
ized by appropriate choice of the capping agents(Chapter 3). ZnO:MgO nanocrystals
with hydrophobic surface were obtained by capping the nanocrystals with oleic acid. The
oleate capped ZnO:MgO nanocrystals are soluble in a variety of non-polar organic sol-
vents with no change in their emission properties. Water-soluble ZnO:MgO nanocrystals
were obtained by capping the ZnO:MgO nanocrystals with carboxymethyl-β-cyclodextrin
(CMCD). The hydroxyl groups located at the rim of the cyclodextrin cavity renders the
surface hydrophilic. The integrity of the CMCD molecules are preserved on capping and
their by hydrophobic cavities available for host-guest chemistry. The visible emission of
the ZnO:MgO nanocrystals is unaltered by the nature of the capping agent.
The origin and mechanism of the visible emission from ZnO:MgO nanocrystals has been
investigated using time-resolved emission spectroscopy technique (Chapter 4). The time-
evolution of the photoluminescence spectra show that there are, in fact, two features in
the visible emission whose relative importance and efficiencies vary with time. These fea-
tures originate from recombination involving trapped electrons and holes, respectively,
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and with efficiencies that depend on the occupancy of the trap density of states.
The application of the visible emission of ZnO:MgO nanocrystals as resonance energy
transfer (RET) donors in water and hydrophobic media is demonstrated. In aqueous me-
dia, the carboxymethyl β-cyclodextrin (CMCD) capped ZnO:MgO nanocrystals is able
to accommodate the organic dye Nile Red by an inclusion in the anchored hydrophobic
cyclodextrin cavity forming a 1:1 complex. Nile Red was chosen as the guest molecule
because its absorption has appreciable overlap with ZnO:MgO visible emission, a pre-
requisite for RET to occur. The resonance energy transfer on the band gap excitation of
the ZnO core to included Red molecules in the CMCD-ZnO:MgO-Nile Red supramolecu-
lar assembly is demonstrated in aqueous media. A similar RET process is shown to occur
in the non-polar media in the oleate capped ZnO:MgO nanocrystals when Nile Red is
partitioned from the solvent into hydrophobic anchored oleate chains. The wavelength
dependent energy transfer in the system has been studied using time-resolved emission
spectroscopic technique. The importance of trap states in giving rise to non-Forster dis-
tance dependence for the RET is highlighted.
The second part of the thesis deals with magnetism in low dimensional layered tran-
sition metal thiophophates, MPS3 (M = Mn, Fe). Low dimensional magnetic systems
continue to be a fertile ground for discovering new phenomena and properties. Among
two-dimensional magnetic systems the insulating transition metal thiophosphates are one
of the few known layered systems, in which both magnetic and crystallographic lattices are
two dimensional (2D). In the metal chalcogenophosphates, the magnetic MPX3 layers are
separated by a van der Waals gap that effectively rules out interlayer exchange and hence
these systems are nearly perfect 2D magnetic systems, with the magnetic ions forming
a honeycomb arrangement within the layer. Due to the crystallographic two-dimensional
nature these materials may be intercalated by variety of molecules or ions leading to
change in magnetic properties.
The objective of this thesis work is to try and modify the magnetic properties of the
transition metal thiophosphates either by forming solid solutions of the type, M1−xMxPS3,
(M, M = Mn, Fe) or by intercalating hydrated metal ions within the layers. The structure,
bonding, reactivity and magnetic properties are briefly introduced in Chapter 7. The
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scope and nature of the present work in presented towards the end of the chapter.
MnPS3 and FePS3 have identical crystal structures and both order antiferromagnetically
at low temperatures, TN . The in-plane magnetic structures of the antiferromagnetically
ordered the Neel state in the two compounds are, however, different. In MnPS3 the spins
alternate up-down whereas in FePS3 the spins are arranged as ferromagnetic chains with
alternate chains coupled antiferromagnetically. Since the crystal structures are identical,
these two compounds can form solid solutions, Mn1−xFexPS3(0≤x≤1) over the entire con-
centration range. The magnetic properties of the single crystals of the solid solutions was
measured by using a SQUID magnetometer. This system is of interest since the con-
trasting Neel states of the end-members may give rise to new magnetic phenomena at
intermediate composition. It is shown that the magnetic behavior falls into three distinct
categories. The Mn-rich compositions behave like a dilute MnPS3 lattice, the Fe-rich com-
positions behave like dilute FePS3 and in the intermediate compositions a spin-glass like
phase appears. The phase boundaries for these regime in Mn1−xFexPS3, 0≤x≤1 is shown
to be related to the percolation threshold for a honeycomb lattice.
MnPS3 is known to undergo a unusual ion-exchange intercalation reaction. Intercalation
occurs by the inclusion of hydrated metal ions in the galleries of MnPS3 with charge
neutrality maintained by loss of the Mn2+ ions from the layer(Equation ).
MnPS3 + 2xG
+ (aq) → Mn1−xPS3[G(H2O)y]2x + xMn2+(aq)
where G is a neutral guest species.
This chemistry has been exploited to intercalate hydrated Mn2+ ions in the interlamel-
lar space to give Mn1−xPS3[Mn(H2O)6]x. the magnetic properties of this 3D analogue of
MnPS3 has been investigated in Chapter 9.
